The aim of the current investigation was to identify bioactive secondary metabolites and compare the phytoconstituents and antioxidant profile of different leaf extracts of Citrus assamensis. Preliminary phytochemical screening of chloroform extract of C. assamensis indicated the presence of alkaloids, phytosterols, phenols, tannins, glycosides, saponins and flavonoids, whereas the methanol and ethanol extracts were found to contain no saponin. The screenings of the plant revealed that, the amount of phenols was higher in methanol extract, while the ethanol extract was found to be rich in flavonoid and total antioxidant capacity. Methanol extract of C. assamensis leaf showed potent nitric oxide and hydrogen peroxide scavenging activity having IC50 value of 137.85 and 85 μg/ml, respectively. The chloroform extract was found to be highly effective in DPPH free radical scavenging, reducing power, cupric reducing antioxidant capacity and superoxide dismutase activity when compared to the standard. In case of catalase assay, all the C. assemensis leaf extracts showed highest activity at 50µg/ml. In most cases, lowest concentration of test groups showed significant (**p<0.01 & *p<0.05) peroxidase activity.
INTRODUCTION
Research with medicinal plants is considered a fruitful approach in the discovery for new drugs. The traditional system of medicine extensively uses plantderived compounds and formulations to modulate the immune system of the host. 1 Now-a-days, in many parts of the world traditional medicine replaces conventional medicine because herbal remedies are cost effective, have minimum toxicity with reduced health hazards and are easily available in the market as compared to synthetic medicines. 2 With multiple biological activities, many medicinal plants have antioxidant activity that is attracting more and more attention of several research teams for its role against several diseases such as cancer, atherosclerosis, cardio-vascular events, diabetes, hypertension, and Alzheimer's disease. 3, 4 Recently, there is keen biomedical interest in the family Rutaceae (fruits) because their uses as raw are mainly associated with low risk of gastric, colorectal, esophageal and cancer diseases. Citrus is a promising source of vitamin C, folate, and flavonoids due to which citrus is used as a cancer preventing agent. 5, 6 Citrus assamensis, locally known as Satkora in Bangladesh, is a small tree, 4.5 to 7.5 meter tall and moderately branched and thorny plant of the family Rutaceae. The plant is used as medicine by local tribes of Assam, India. Leaves, flowers, and fruits of C. assamensis are used for treating dysentery, indigestion, pimples and intestinal worms. 7 The objective of the present study was to evaluate the antioxidant potential, in vitro and in vivo free radical scavenging activity of methanol, ethanol and chloroform extracts of leaf of C. assamensis. The extracts were examined for different reactive oxygen species (ROS) scavenging activities including nitric oxide, hydrogen peroxide, DPPH, reducing power capacity, CUPRAC, superoxide dismutase, catalase activity and peroxide activity and for phenol and flavonoid contents and total antioxidant activity.
MATERIALS AND METHODS
Collection, identification and preparation of plant samples. Leaves of C. assamensis were collected from Jayantapur, Sylhet, Bangladesh and the plant was taxonomically identified with the help of Bangladesh National Herbarium, Mirpur, Dhaka (DACB; Accession Number-38759). Leaves were sun dried for seven days and ground to a coarse powder using high capacity grinding machine (Jaipan Designer Mixer Grinder, India) and kept in cool, dark and dry place for further investigation.
Extraction procedure. The powdered plant material (30 gm) was successively extracted in a soxhlet extractor at elevated temperature (40-60ºC) using methanol followed by ethanol and chloroform. After extraction all extracts were evaporated and kept in refrigerator (4°C) for further investigations with their necessary markings for identification.
Experimental animal. Swiss Albino mice of either sex, 4-5 weeks of age, weighing between (10-24) gm were collected from ICDDR,B, Dhaka. Animals were maintained under standard environmental conditions (temperature: 27 ±1ºC, relative humidity: 55-65% and 12 hour light/12 hour dark cycle) and they had free access to feed and water. The animals were acclimatized to laboratory condition for one week prior to experiments.
Photochemical screening. Different extracts were screened for the presence of alkaloids, phytosterols, phenols, tannins, glycosides, saponins and flavonoids by using standard protocols.
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Determination of total phenolic content. Total phenolic content of the extracts of C. assemensis was determined by using the Folin-Ciocalteu reagent with slight modification by Laboni et al.
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Determination of total flavonoid content. Total flavonoid content of the extracts of C. assamensis was determined by the aluminum chloride colorimetric method with slight modification by Shahriar et al.
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Determination of total antioxidant capacity. Total antioxidant capacities of the extracts of C. assemensis were determined by using the phosphomolybdenum method.
Nitric oxide scavenging assay. Nitric oxide scavenging assay was conducted as described previously by using sodium nitroprusside.
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Hydrogen peroxide scavenging assay. Scavenging activity of the extracts were evaluated by hydrogen peroxide with slight modification by Mannan et al.
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DPPH free radical scavenging assay. The free radical scavenging capacity of the extracts was determined using DPPH with slight modification by Ali et al.
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Reducing power assessment. The reducing power of the extract of C. assamensis was determined by standard method with slight modification by Tania et al.
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Cupric
reducing antioxidant capacity (CUPRAC). Cupric reducing antioxidant capacity was conducted by following published protocol with slight modification by Ali et al.
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Assay for super oxide dismutase (SOD) activity. Superoxide dismutase (SOD) determination assay was carried out using SOD determination kit according to the kit's protocol provided by SigmaAldrich. The SOD activity was then calculated using the following equation after measurement of the absorbance of the mixtures at 450 nm in a microplate reader. In vivo peroxidase activity. For in vivo peroxidase activity fifty four (54) Albino Swiss mice of both sexes (10-20 gm) were randomly divided into 9 groups. Group-I animals served as normal control.
Group-II animals served as toxic control, Group-III served as a standard group. Group-IV-V, VI-VII and VIII-IX animals were treated with daily doses of 100 and 200 mg/kg body weight, using the leaf extracts of methanol, ethanol and chloroform, respectively for 7 days. Peroxidase activity was carried out as described by Yen and Chen. 15 In vivo catalase activity. Catalase activity determination assay was carried out using ab83464 Catalase Activity Kit (Colorimetric/Fluorometric) according to the kit's protocol.
Statistical analysis. Data was expressed as
Mean ± SEM (Standard error of Mean). The results were analyzed statistically by ANOVA followed by Dunnet's test. Results with p<0.05, p<0.01 and p<0.001 were considered statistically significant.
RESULTS AND DISCUSSION
Phytochemical screening. Presence of various bioactive secondary metabolites in plant extract might be responsible for medicinal attributes. In this study, various leaf extracts of C. assamensis were tested for different phytoconsituents using standard procedures where chloroform extract was found to contain more varieties of phytoconstituents (Table 1) . Determination of total phenolic content. Total phenolic content of the different extracts was determined by using the Folin-Ciocalteu reagent and was expressed as gallic acid equivalent per gram of plant extracts. The screenings of the plant revealed that, the amount of phenols was higher in the methanol extract (3.11 mg/gm) among the three extract ( Table 2 ). The beneficial effects of the extracts might be derived from phenolic compounds and flavonoids which have been reported for their antioxidant activity in biological systems, acting as scavengers of singlet oxygen and free radicals. 16, 17 Determination of flavonoid content. The values of flavanoid content varied from 1.33 to 2.08 mg quercetin/gm (Table 2) . Moreover, ethanol extract has been found to be rich in flavonoids with a value of 2.08 mg quercetin/gm followed by chloroform and methanol leaf extract.
Determination of total antioxidant capacity.
Total antioxidant capacities of the different extracts were determined by using the phosphomolybdenum method and were expressed as ascorbic acid equivalent per gram of plant extracts. The results indicate higher total antioxidant capacity of the ethanol (1.76 mg ascorbic acid/gm) and methanol (1.61 mg ascorbic acid/gm) extracts from that of chloroform extract (Table 2 ). According to a recent report, a highly positive relationship between total phenols and antioxidant activity appears to be the trend in many plant species.
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Nitric oxide scavenging assay. The NO scavenging activity of methanol, ethanol and chloroform extracts was compared with ascorbic acid and the results are given in figure 1 . The methanol extract of C. assamensis leaf has potent NO scavenging activity (IC 50 value 137.85 μg/ml) ( Table  3 ). The scavenging activity of NO by the extracts was increased in dose dependent manner figure 1A . In the present study, the methanol and ethanol extracts revealed the lowest IC 50 value, which indicated its powerful NO scavenger ability.
Hydrogen peroxide scavenging assay. Hydrogen peroxide (H 2 O 2 ) scavenging activity of methanol, ethanol and chloroform extracts were detected and compared with ascorbic acid and the results have been summarized in figure 1B. Among three extracts, the methanol extract was at the top position in depleting H 2 O 2 with an IC 50 value, 85 μg/ml (Table 3 ). The percent inhibition of scavenging activity of H 2 O 2 for all the extracts was presented in figure 1B . In the present study though the extracts showed good H 2 O 2 scavenging activity but it was less effective than standard ascorbic acid. DPPH free radical scavenging assay. The model of scavenging the stable DPPH free radical is a widely used method to evaluate the free radical scavenging ability of various samples including plant extracts. The DPPH free radical scavenging activity of methanol, ethanol and chloroform extracts were detected and compared with ascorbic acid and the results are shown in figure 1C . The percent inhibition at different concentration of methanol, ethanol and chloroform extracts as well as standard ascorbic acid was calculated by linear regression analysis. All the plant extracts showed dose dependent scavenging of DPPH free radicals at different concentrations. In comparison to standard, methanol, ethanol and chloroform extracts showed IC 50 values of 4.89, 3.04 and 2.34 μg/ml respectively ( Table 3 ). The results indicated that among all tested extracts, the chloroform extract was found to be highly effective having IC 50 value of 2.34 μg/ml ( Table 3 ). In the present study, IC 50 of ascorbic acid was found 5.69 μg/ml. Though the extracts showed good free radical scavenging activity but it was less effective than the standard. The result of the present study is consistent with previous studies with different extracts of Citrus species.
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Reducing power capacity. In reducing power capacity assessment, the extracts were found to display high to moderate reducing power. Reducing power was found to increase with increasing concentration of the extracts in all cases and was comparable to the standard ascorbic acid ( Figure 1D ). Most satisfactory IC 50 value was observed in chloroform extract (122.75 µg/ml) when compared to ascorbic acid (119.85µg/ml) ( Table 3) .
Cupric
reducing antioxidant capacity (CUPRAC). Reduction of Cu 2+ ion to Cu + was found to rise with increasing concentrations of the different extracts. The standard ascorbic acid showed highest reducing capacity. Among the extracts, chloroform extract of C. assamensis showed maximum reducing capacity which was comparable to ascorbic acid. The cupric reducing antioxidant capacity by the extract was increased in dose dependent manner ( Figure 1E ). In the present study, the CUPRAC value ranking was similar to that of the DDPH value, which may be due to the similar antioxidant mechanisms involved.
Superoxide dismutase (SOD) activity assay. Superoxide dismutase (SOD) is one of the key enzymes which becomes involved in cellular defense against reactive oxygen species in living organisms; hence it is an important indicator of antioxidant capacity. 20 The results of SOD activity assay ( figure   1F ) showed that, all samples including BHA (5 mg/ml) had the activity with highest antioxidant potential obtained from chloroform extract followed by methanol and ethanol extract. However, the inhibition rate of chloroform extract is higher than positive control (BHA) in case of 200 µg/ml concentration. As shown in figure 1F , the superoxide radical scavenging activities of the plant extracts and the reference compound are increased markedly with increasing concentrations. The results suggest that the plant extracts are more potent scavengers of superoxide radical than the standard BHA.
In vivo catalase (CAT) activity. Catalase is an enzymatic antioxidant widely distributed in all animal tissues including RBC and liver. In result analysis of catalase activity test ELISA (570 nm) reading was collected after 30 minutes of incubation, where the lowest concentration groups (50 µg/ml) showed highest catalase activity rather than highest concentration (800 µg/ml) groups. Catalase decomposes hydrogen peroxide and helps protect the tissues from highly reactive hydroxyl radicals. 21 Figure 2A and 2B, it can be observed that ethanol 200 group at 200 µg/ml showed significant catalase activity (**p<0.01, 128.11 mU/ml) in comparison with 50 µg/ml concentration (155.4 mU/ml) but showing lower catalase activity.
Values are mean ± SEM (n=6), (*p< 0.05), (**p< 0.01) significantly different when compared with the corresponding value of standard group, done by independent sample t-test In vivo peroxidase activity. Figure 3 (A-E) showed the peroxidase activity test, which was collected by using ELISA (570 nm) reading in every 15 minutes (starting from 15 minutes to 75 minutes). The results represents when the concentration (2 nmol) for shown significant peroxidase activity for methanol, ethanol and chloroform extracts with the dose of 100 mg/kg body weight in first 15 minute rather than highest concentration (5 nmol Figure 3 ). 
CONCLUSION
All the conducted experiments in the present study are based on crude extract and are considered to be preliminary in nature. This study suggests that the antioxidant activity of methanol, ethanol and chloroform leaf extracts of C. assamensis was found to be significant when compared with the standard and thus the synthetic antioxidants may be replaced
